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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1. Background of the Research 
 
Diamond is, of course, not a new material. Many of the unique properties of 
naturally occurring diamond have been known for many years. The extreme 
hardness, high thermal conductivity, excellent infrared transparency, and remarkable 
semiconductor properties combine to make diamond one of the most technologically 
and scientifically valuable materials found in nature (Pierson, 1993). However, 
natural diamond is rare and only obtainable as gem stones in small sizes, scarcity and 
at great expense: these have motivated researchers to attempt to duplicate nature and 
synthesize diamond since it was discovered in 1797 that diamond is an allotrope of 
carbon. 
 
Over the past 50 years a variety of techniques have evolved for the synthesis 
of diamond which include high pressure high-temperature (HPHT) processes, 
chemical vapor deposition (CVD), and physical vapor deposition (PVD). Schwartz 
(2002) reported the basic concept of HPHT method that these diamonds are produced 
from graphite at pressures from 5,512 to 12,402 MPa and temperatures from 1204 to 
2427°C. A molten metal catalyst of chromium, cobalt, nickel, or other metal is used, 
which forms a thin film between the graphite and the growing diamond crystal. 
Without the catalyst much higher pressures and temperatures are needed. The shape 
of the crystal is controllable by the temperature. At the lower temperatures cubes 
predominate, and at the upper limits octahedral predominate; at the lower 
temperatures the diamonds tend to be black, whereas at higher temperatures they are 
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yellow to white. The synthetic diamonds produced by the General Electric Co. are up 
to 0.01 carat in size, and are of industrial quality comparable with natural diamond 
powders. 
 
This achievement has been made possible both by an improved scientific 
understanding of how diamond is formed and by a significant engineering 
development of chemical vapor deposition (CVD) systems designed specifically for 
the deposition of diamond. It has become widely recognized that polycrystalline and 
homoepitaxial diamond can be deposited using a variety of CVD techniques. 
Polycrystalline diamond films have been deposited on various non-diamond 
substrates, including insulators, semiconductors and metals, ranging from single 
crystals to amorphous materials (Liu and Dandy, 1995). And also, they conduct heat 
better than any known material five times better than copper making them useful as 
heat sinks to conduct heat away from electrical components (Schwartz, 2002). 
 
In many cases, the properties of diamond are superlative. For example, it is 
reported to have the highest hardness of any material, the highest thermal 
conductivity, and the lowest compressibility. In other cases, the diamond material 
property is not necessarily the best, but diamond is still highly competitive with other 
materials. For example, the coefficient of friction is comparable to that of Teflon. In 
any case, diamond is properly considered to be a unique material because it exhibits 
an unusual constellation of highly attractive properties of interest for many 
applications. 
 
Development of manufacture technology needs a high requirement on 
machining accuracy and surface quality. To fulfill these requirements attention must 
be paid to machine tool and production technology. Cutting tool materials have high 
contribution to improve machine tool quality. Coating is technology to improve 
cutting tool characterization. The combined properties of the chemical inertness 
along with the high hardness, high wear resistance, and high quality conductivity 
makes diamond thin films an ideal protective coating against corrosion and wear in 
cutting tool and metal working industries.  
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1.2. Problem statement  
 
 Coating technology is a method which is widely used to improve cutting tools 
quality. In the present study, polycrystalline diamond was deposited onto cutting 
tools, namely tungsten carbide (WC) and silicon nitride (Si3N4) using Microwave 
Plasma Assisted Chemical Vapour Deposition (MPACVD) technique. However, 
application of CVD process to deposit diamond onto the material is not easy. There 
are many problems which will arise in the deposition process may result in poor 
adhesion and low nucleation and growth of diamond crystals.  
 
 Uhlmann and Brücher (2003) reported that the main problem for the CVD-
diamond thin-film coatings is the adhesion of the coating. Their experiments were 
conducted in the model tests and in the metal cutting tests and none of the coating 
systems investigated was able to achieve satisfactory results. Poor adhesion can be 
caused by many factors such as mismatch of coefficient of thermal expansion (CTE) 
between diamond and substrate, residual stress, impurities etc. Beside adhesion, 
friction coefficient also known as tribological properties is an important factor that 
materials must have for cutting tools application.  Surface roughness and diamond 
morphology are important factor which influence the tribological properties. Thus 
the present study will focus on these factors to obtain good diamond quality on 
tungsten carbide and silicon nitride substrates. 
 
 
1.3. Objectives of the research 
 
The objectives of the research are to study effect of deposition parameters on 
morphology, coating thickness, surface roughness and residual stress of 
polycrystalline diamond coated on Si3N4 and WC. The main problem in coating is 
adhesion. Pretreatment process namely chemical etching and mechanical treatments 
were conducted to enhance cobalt removal especially when WC was used as 
substrate material and also diamond nucleation. Characterizations were carried out to 
study the microstructure, morphology and mechanical properties of polycrystalline 
diamond coating.   
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1.4. Scope of the research 
 
The scope of the research includes: 
a) Two pretreatment processes were conducted namely, chemical etching with 
H2O2; H2O2:H2SO4; H2O2:HNO3:H2O and K3Fe(CN)6:KOH:H2O (Murakami’s 
reagent) and diamond seeding. 
b) Polycrystalline diamond deposited on silicon nitride (Si3N4) and tungsten carbide 
(WC) using Microwave Plasma Assisted Chemical Vapor Deposition 
(MPACVD) with various deposition parameters, namely, %CH4 concentration, 
microwave power and chamber pressure. 
c) Characterization on microstructures, morphologies, and mechanical properties 
using scanning electron microscopy, atomic force microscopy, Raman Spectra, 
X-ray diffraction, Rockwell hardness tester and pin-on-disk tribometer.  
 
 
1.5. Significance of the research 
 
Microwave Plasma Assisted Chemical Vapor Deposition (MPCVD) is widely 
used for deposition of diamond coating due to the high quality diamond obtained 
through the process (Liu and Dandy, 1995). Deposition parameters are very 
important to obtain high nucleation and quality of polycrystalline diamond. In 
addition, pretreatments also have significant contribution to the quality of the 
diamond. 
 
The presence of cobalt content on the tungsten carbide substrate surface will 
retard the growth of the diamond. Furthermore, cobalt removal is a key to obtain 
high quality diamond coated on WC. The study on pretreatments especially chemical 
etching to remove cobalt content, diamond seeding, and also deposition parameters 
are very important to obtain high quality diamond. Based on experiment 
investigation, optimum pretreatment technique and deposition parameters will be 
determined to produce good quality diamond coating. 
 
